Background: Jojoba plants [Simmondsia chinensis (Link) Schneider] are appropriate to the semiarid regions; it has the ability to survive in a harsh desert environment and it is very drought-resistant and can be grown on marginal lands without replacing any existing crops. After that, Jojoba is a new oil-producing industrial crop, oil-producing cash crop, and has much of the interest in worldwide in recent years. So, processes are made to increase the seed yield of jojoba as requirements of essential fertilizer and evaluation of new clones. Two field experiments were conducted on five clones (S-BS-, S-700, 610, S-L, and S-G) aged 3 and 13 years from planting at North Sinai, Egypt on sandy soil to study the effect of foliar spray with nitrogen, phosphorus, and boron with three rates of NPB (00, NPB1 (N 1%, P 0.75%, and B 0.4%) and NPB2 (N 1.5%, P1.25% and B 0.8%)) on oil and other contents of jojoba plants. Results: Results showed that all treatments improved the vegetative growth, yield, and seed quality. Concerning oil, weight of 100 seeds and oil percent in seeds with treatment NPB2 under clone S-700 gave the highest value for all study parameters. Conclusions: Therefore, for improving yield and seed quality, it could be recommended with foliar spray NPB2 (N1.5%, P 1.25%, and B0.8%) under the condition of this study on jojoba plants.
Background
Jojoba (Simmondsia chinensis L.) is an economically important shrub for it is extensively drought-resistant and can grow in semi-arid regions of the world, high soil salinity, and low fertilize requirement and requires little water according to Tal et al. (1979) , Al-Ani et al. (1972) , and Rasoolzadegan et al. (1982) . Yermanos (1982) showed that jojoba yield is a crop of seeds that have 40-50% oil. The proportion of fat stored in the form of wax liquid represents about 40-60% of dry weight of jojoba seeds, so it is used in lubrication to withstand the high temperature and very similar to sperm whale oil. Many factors affect the oil yield of Jojoba seeds, including genetic factors (Das et al. 2010) , plant age (Jongschaap et al. 2007) , geographical characteristics of soil and soil (Francis et al. 2005) , and agronomic practices such as agricultural practices, such as the distances of agriculture, irrigation, pruning, and fertilization. In this direction, addition of 50 kg N and/or 50 kg P 2 O 5 kg ha −1 for three consecutive years induced no effect appeared in vegetative growth. Osman and AboHassan (1998) , Reyes et al. (1977) , Feldman et al. (1984) , and Yermanos (1982) found that the root length of the jojoba plants enables it to draw nutrients from much deeper soil profiles, root type (fibrous or tap root), and soil condition. Element of nitrogen is very important in agriculture subject because it led to increase the crop yield. Plants need the largest quantities from nitrogen in different stages from sowing to harvest, and plants contain higher than 1% nitrogen (Massignam et al, 2009) found that the application of nitrogen increased growth and seed yield of jojoba plants. In this respect, Benzioni et al. (1982) and Nelson and Watson (2001) evaluated the effect of increasing nitrogen rates which led to an increment of 65% higher seed yield than an unfertilized group (control plants), and increased leaf N content.
Plants need phosphorus (P) for complete of life cycle, so P is an essential macronutrient for plant growth (Holford 1997) . Steen (1998) , Cordell et al. (2009), and Ryan et al. (2001) showed that phosphorus application improved morphological plants such as length and surface area of roots. There are many studies that cleared the role of phosphorus on the initiation and growth of roots and release of carboxylate according to Bolland et al. (1999) and Shane and Lambers (2005) .
While Benzioni and Ventura (1998) found that the application of different P levels in irrigation water on two clones of jojoba, 64 and 879-154, led to inhibit root development in both clones but to a higher degree for clone 879-154, but low concentration of P led to decrease in magnesium (Mg) and calcium (Ca) content in the leaves, while shoot growth or chlorophyll concentration were not affected.
Boron is considered as an essential elements for growth and development of higher plants according to Shelp (1993) . Considerably many research represented that boron plays an important role in plant growth and development, cell wall strength and development, cell division, seed development, sugar transport, and hormone development; some functions of boron interrelate with those of nitrogen, phosphorus, potassium, and calcium in plant and stimulation or inhibition of specific metabolism pathways, according to Rasheed (2009) and George et al. (2012) .
Materials and methods

Design and planting
Jojoba plants were cultivated at Almagharah Research and Production Station (latitude 30, 717993″ N, longitude 33, 329103 E) which follows the Desert Research Center, Agriculture Ministry, Egypt. Two field experiments were carried out in this station at 2016/2017 and 2017/2018 seasons for five clones (S-L, S-610, S-700, S-B, and S-G), to study the effect of foliar spray of nitrogen, phosphorus, and boron rates on jojoba plants aged 3 and 13 years from planting. Two experimental rows (five plants each age) were assigned for each clone in each replication. Distances between rows and plants within in rows were 2 and 4 m respectively. Plants (mixed males and female seedlings) derived from the open population, as a source of pollen, were repeated one row every six female (clone) rows. Additional border mixed seedling rows were planted around each replication and no free space was left between rows within each replication to ensure homogeneity within each replication. Before start, drip irrigation system was installed in the experimental areas and physical and chemical analyses of the experimental soil were presented in Table 1 . Weed control and irrigation were done as necessary but no fertilizers were applied in the course of the study. All clones were treated at three times (October, March, and April) with three rates of NPB (00, NPB1 (N 1%, P 0.75%, and B 0.4%) and NPB2 (N 1.5%, P 1.25% and B 0.8%)).
Collection, prepare sample, and measurement of growth
The plants were collected at 22nd April to determine the growth, yield characters, and some chemical content. Leaf area (cm 2 ) was estimated from the following equation: Leaf area = 0.717 X -0.095, which X is the product of length by width (Charles 1982) . The following measurements: plant height (cm), shoot characters (number of shoot, stem diameter, number of nods/stem, length of nods), leaves characters (number of leaves, leaf width, length, leaf area, number of flowers/m, number of fruits/ m, total branches, weight of seeds harvest (kg), weight of seed (gm), and weight of 100 seed (gm)).
Chemical analysis
Photosynthetic pigments: chlorophyll a, chlorophyll b, and carotenoids were determined using spectrophotometric method described by Lichtenthaler and Buschmann (2001) . Oil content of seed (%) was determined. Total nitrogen content: sample of 0.2 g dry material were digested by sulfuric and perchloric acids using Micro-Kjeldahl method (Jackson 2005) . Distillation was carried out with 40% NaOH, and ammonia was received in 4% boric acid solution. Protein content was determined by the Kjeldahl method for the calculation of all proteins which equal nitrogen content multiplied by 6.25, according to A.O.A.C (1990) . Potassium content: weight of 0.2 g dry matter from jojoba shoot was extracted for 1 h in a boiling-tube of distilled water in a boiling water bath, the extract was filtered. Sodium and potassium content in the aqueous extracts were measured with Flame Photometer. Meanwhile, chloride was determined by titration by 0.001 N AgNO 3 and using potassium dichromate as indicator. Phosphorous content: phosphorous was determined calorimetrically at wave length 725 nm using chlorostannous-reduced molybdo phosphoric blue color method, in hydrochloric described system as described by A.O.A.C (1990) .
Statistical analysis
The experiment was conducted as split plot design having clones in main plot and treatments in sub plot. Data were subjected to statistical analysis of variance according to Gomez et al. (1984) and L.S.D. value for comparison.
Result
Growth characters
All data in Tables 2 and 3 showed that the foliar application of NPB led to increase of all growth characters as plant height (cm), number of main branches/plant, stem diameter (cm), number of nodes/stem, length of node (mm), leaf number of leaves/plant, leaf width (mm), leaf length (mm), and leaf area (cm 2 ). All growth characters affected by increased in NPB and especially with NPB2 under clone S-700. Data presented in Table 2 ). Tables 4 and 5 showed that the effect of foliar application of NPB on some clones and interaction between them those lead to increase of all yield characters studied. Effect of NPB low specially control and NPB1decrease the total number of branches7.920 and 8.310, number of leaves126.4 and 133.8, weight of seeds/ plant (67.05 and 68.41 kg), weight of seed (0.68 and 0.72 g), weight 100 seeds (68.00 and 72.00 g), and oil content of the seeds 40.3 and 45.7%, respectively at aged 3 years while at 13 years gave these value. All characters affected by decrease in NPB and especially control and NPB1 under clone S-L number of stem/p5. 227 
Yield characteristics
Data in
Chemical constituents
All data in Tables 6 and 7 showed that the foliar application of NPB led to increase of some chemical contents the leaves. All characters studied were affected by increase NPB and especially with NPB2 under clone S-700 
Discussion
Effect of clones
A number of key genes are responsible for the enzymes that make wax synthesis in jojoba. The relationship between genetic variance and total phenotypic variance is then in broad sense, heritability, Ravetta and Palzkill (1993) . Clones jojoba have significant effect on yield of seeds jojoba (Yermanos and Holmes 1973) , where variability in clones was reflected in the high yields achieved from year to year. Results demonstrated that clones jojoba exhibited a strong positive relationship between branching frequency and flower bud production. Mount of branching (number of tips) along the stem segment and the number of nodes. Clones with more branching showed an increase in nodes. It was concluded that an increase in branching frequency (number of branch tips/ number of nodes) would likely increase node production (everything else remaining constant) and if the ratio of flower buds to nodes remain constant, then the number of flower buds would be increased (Ravetta and Palzkill 1993) .
Effect of nitrogen
Data in all tables in results attributed to the increase in growth parameter to increase of nitrogen level because nitrogen helped for the synthesis many substances that necessary to formation chlorophyll as amino acids, amines, proteins, nucleic acids, nucleotides, purines, pyrimidines, coenzymes, and hexoseamines that is a part of the chlorophyll molecule, according to Kumar (2003) and Kumar (2007) . Zhao et al. (2005) showed the increase in nitrogen rates led to increments in leaf area, carbon dioxide exchange rates, increase leaf protein, and activities of several enzymes as ribulose bisphosphate carboxylase. Photosynthetic CO 2 assimilation is greatly increased at high leaf N levels and the increase in carbon exchange rate has generally been a linear function of leaf N concentration, according to Ghoneim (2005) and Mauromicale et al., (2000) . Nitrogen led to increased vegetable growth and thus led to an increase in the number of leaves and branches as well as an increase in the number of flowers, which leads to increase the yield of seeds (Gendy et al. 2013 ).
Effect of phosphorus
Phosphorus is one the most essential elements for plant growth after nitrogen. However, the availability of this Khattak (1990) found phosphorus is low in clones of jojoba with comprised clone S-700. Phosphorus plays a significant role in several physiological and biochemical plant activities like photosynthesis, transformation of sugar to starch, and transporting of the genetic traits. Mahdi et al., (2010) reported that one of the advantages of feeding the plants with phosphorus is to create deeper and more abundant roots. Phosphorus causes early ripening in pants, decreasing grain moisture, improving crop quality, and is the most sensitive nutrient to soil pH (Mehrvarz et al. 2008 ).
Effect of boron
Boron plays a key role in a diverse range of plant functions including cell wall formation and stability, maintenance of structural and functional integrity of biological membranes, movement of sugar or energy into growing parts of plants, and pollination and seed set (O'Neill et al. 2004 ). Ganie et al. (2013) observed that boron fertilization regardless of application increases fruit yield and quality of temperate fruits. The essential role of B in nature still needs to be understood; the evidence given by scientists showed that it is essential for plant growth and important in cell division. The plants grown in B deficient or B toxic soils is poor quality compared with that of plants grown in B-sufficient soils; this reveal the effectiveness of B in the biological regulation which involves enzyme and hormone system. There is an increase in sterility with boron foliar through studying of some vegetative and reproductive growth characters (Al-Amery et al. 2011) . Spraying B led to increase the concentration of N, P, K, and Na in the leaves, while it had no significant effect on N and P in leaf concentration.
Conclusion
Jojoba is an emerging crop that is well suited to cultivate in arid regions including Egypt. It requires careful management of fertilizer and varieties to obtain maximum yields. So for improving yield and seed quality, it could be recommended with foliar spray NPB2 (N1.5%, P 1.25%, and B0.8%) under the condition of this study on jojoba plants. 
